Abstract Earth-observation (EO) satellite missions using highresolution optical or radar sensors are producing an immense amount of data which needs to be send down to earth. The fraction of satellite operational time in future missions is therefore clearly limited by the downlink-capability. The current X-Band architecture is facing its technological limitations in terms of data rate while causing increased demand on antennasizes and transmit power. This bottleneck can be overcome by direct optical downlinks from EO-satellites to the ground with multi-gigabit data rates. According optical satellite terminals will be extremely small and light-weight and will require few transmit power, but one drawback is the link blockage by thick clouds. This can be overcome either by ground station diversity and careful site selection or by using optical terminals onboard high altitude platforms which serve as relais-stations for the satellite. Here we present feasibility and expected performance of these two optical scenarios and propose according space and ground station architectures.
A. Earth Observation Scenario
The system used for example calculations in this paper consists of a satellite with a mean orbit height of 500 km. The satellite is equipped with a high resolution camera which produces data at a rate of 6.7Gbit/s. This high data rate illustrates that the down link bandwidth is a limiting factor for the operational time of the satellite. For [4] . But even in worst case, the transferable data volume per year is at least 107 TByte and the camera could be used during 0.4 % of the operational time. The limiting factor is in this case is the available data storage on the satellite for cases when no data downlink is possible due to bad weather conditions. Note that these values are for one OGS at a site with high cloud cover probability. When using several OGSs distributed over Germany (ground station diversity), the availability can be boosted to 71% during winter half year and 91% during summer half year.
D. Proposed Combined RF-Optical Downlink For overcoming the cases where an optical downlink is not possible due to cloud cover, it is possible to combine an RF downlink terminal with an optical terminal. This approach adds complexity to the data downlink management, e.g. data has to be scheduled for down link via RF or optical channel, but it greatly extends the downlink availability and thus the sensor usage. Using the values from above, the combined downlink volume per year increases to 134 TByte and the camera can be used during 0. The wavelength of 1064nm is used for coherent systems with non-planar Nd:YAG ring oscillators, a laser source with very high coherence and therefore suitable for coherent systems. This enables the implementation of homodyne binary phaseshift-keying (BPSK) modulation. The advantage of coherent systems is the high sensitivity which leads to small aperture diameters for the StORe receiver. Due to the homodyne detection scheme the communication signal is recovered at baseband, which considerably simplifies the communications electronics design. The effect of background radiation can be neglected due to the extremely small noise bandwidth of the homodyne receiver which is in the order of the databandwidth (e.g. 1GHz signal bandwidth corresponds to only about 3.5pm optical wavelength for 1064nm wavelength). Optical C-Band technology around 1550nm with on/offkeying and direct detection is widely used in terrestrial fibreoptical transmission systems and has already been tested successfully in a stratospheric test-bed [3] . Current systems are not as sensitive as coherent systems but the use of fast wave front correction systems (adaptive optics) to mitigate atmospheric index of refraction turbulence would allow coupling the received signal into a mono-mode fibre at the receiver. With optical pre-amplification the sensitivity is comparable with current coherent systems [4] . An additional advantage of receiver concepts with monomode fiber coupling would also allow the use of Dense Wavelength Division Multiplex (DWDM). The number of channels could be increased considerably and integrated fibre optics off the shelf components can be used. Therefore preference is given to C-Band technology. The possible architecture of a unidirectional DWDM-FSO system is sketched in Figure 3 
